Introduction {#sec1}
============

Exocyclic 1,2-amino alcohols are a type of significant functional groups, which are broadly present in many natural products and bioactive compounds^[@ref1]^ and also have been frequently employed as central chiral skeletons for various catalysts^[@ref2]^ ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). Although many synthetic protocols have been established,^[@ref3]^ the development of new, efficient methods to construct the exocyclic 1,2-amino alcohol motif is still highly desirable.

![Selected Bioactive Molecules and Chiral Catalysts Containing Exocyclic 1,2-Amino Alcohol Moieties](ao-2018-02324p_0002){#sch1}

In previous studies, we have demonstrated an aminative Umpolung^[@ref4],[@ref5]^ strategy for the synthesis of various amines such as homoallylic amines^[@cit6a]^ and vicinal diamines^[@cit6b]^ from aromatic aldehydes by using α,α-diphenylglycine as the amination and Umpolung reagent ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}a).^[@ref6]^ The lithium salt of diphenylglycine imine formed between the aldehyde and α,α-diphenylglycine lithium undergoes decarboxylation^[@ref7]^ to generate a resonance-stabilized 2-azaallylanion,^[@ref8],[@ref9]^ which then reacts with an electrophile such as allylic cation or imine to produce the corresponding amines in good yields.^[@ref10]−[@ref12]^ In 2015, Chruma and co-workers used the tetrabutylammonium salt of 2,2-diphenylglycine as the amination and Umpolung reagent to promote self-condensation of aromatic aldehydes to give 1,2-amino alcohols in 38--89% yields with low diastereoselectivity ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}b).^[@cit10f]^ We envisioned that if an intramolecular aminative Umpolung process is developed, exocyclic 1,2-amino alcohols **3** could be prepared from aldehydes **1** containing an additional tethered carbonyl group ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}c). Mechanistically, decarboxylation of the in situ formed imine **4** produces delocalized carbanion **5**, followed by intramolecular addition to the tethered carbonyl group and subsequent hydrolysis, to produce the desired exocyclic 1,2-amino alcohols **3**. Herein, we report the preliminary results on this project.

![(a) Aminative Umpolung Synthesis of Homoallylic Amines and Vicinal Diamines; (b) Aminative Umpolung Synthesis of 1,2-Amino Alcohols; (c) Intramolecular Aminative Umpolung Synthesis of Exocyclic 1,2-Amino Alcohols](ao-2018-02324p_0003){#sch2}

Results and Discussion {#sec2}
======================

The studies started with the reaction of aldehyde **1a** with α,α-diphenylglycine (**2**) in tetrahydrofuran (THF)--H~2~O (9:1). As expected, the reaction went smoothly to produce cyclization product **6a** in 41% yield with good diastereoselectivity (9.9:1) ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 1). The structure and relative configuration of the major product *trans*-1,2-amino alcohol (*trans*-**6a**) were further confirmed by X-ray analysis of its analogue *trans*-**6b** ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). The minor isomer *cis*-1,2-amino alcohol underwent in situ cyclization to form oxazolidine tautomer *cis*-**6a**, as judged by ^1^H and ^13^C NMR spectroscopies. Solvent screening showed that dimethylformamide (DMF) was the best choice for the reaction in terms of reactivity and diastereoselectivity, resulting in 96% yield and \>20:1 trans/cis selectivity ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 6 vs entries 1--5). The amount of water seems to influence the reaction (entries 8--13) and a mixed system of DMF and H~2~O (9:1) was the choice of solvent (entry 8). A higher reaction temperature led to a shorter reaction time (3 vs 24 h) ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 8 vs entries 6 and 7). Basic additives such as Et~3~N and Na~2~CO~3~ did not show obvious impact on conversion and diastereoselectivity ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 14 and 15). However, Lewis acid additive such as Zn(OTf)~2~ seriously suppressed the reaction ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 17).

![X-ray structure of compound *trans*-**6b**.](ao-2018-02324p_0001){#fig1}

###### Reaction Condition Optimization for the Aminative Umpolung Synthesis of Exocyclic α-Amino Alcohols[a](#t1fn1){ref-type="table-fn"}

![](ao-2018-02324p_0005){#fx1}

  entry                                solvent                additive     *T* (°C)   time (h)   yield (%)[b](#t1fn2){ref-type="table-fn"}   trans/cis[c](#t1fn3){ref-type="table-fn"}
  ------------------------------------ ---------------------- ------------ ---------- ---------- ------------------------------------------- -------------------------------------------
  1                                    THF--H~2~O (9:1)                    20         24         41                                          9.9:1
  2                                    DCM--H~2~O (9:1)                    20         24         trace                                       5.8:1
  3                                    toluene--H~2~O (9:1)                20         24         trace                                       6.5:1
  4                                    EtOH--H~2~O (9:1)                   20         24         19                                          5.5:1
  5                                    CH~3~CN--H~2~O (9:1)                20         24         29                                          7.9:1
  6                                    DMF--H~2~O (9:1)                    20         24         96                                          \>20:1
  7                                    DMF--H~2~O (9:1)                    10         24         72                                          \>20:1
  8                                    DMF--H~2~O (9:1)                    40         3          97(90)[d](#t1fn4){ref-type="table-fn"}      \>20:1
  9                                    DMF--H~2~O (10:0)                   40         3          88                                          \>20:1
  10                                   DMF--H~2~O (7:1)                    40         3          85                                          \>20:1
  11                                   DMF--H~2~O (5:1)                    40         3          85                                          \>20:1
  12                                   DMF--H~2~O (3:1)                    40         3          75                                          18.8:1
  13                                   DMF--H~2~O (1:1)                    40         3          18                                          7.6:1
  14[e](#t1fn5){ref-type="table-fn"}   DMF--H~2~O (9:1)       Et~3~N       40         3          87                                          \>20:1
  15[e](#t1fn5){ref-type="table-fn"}   DMF--H~2~O (9:1)       Na~2~CO~3~   40         3          95                                          \>20:1
  16[e](#t1fn5){ref-type="table-fn"}   DMF--H~2~O (9:1)       AcOH         40         3          92                                          \>20:1
  17[e](#t1fn5){ref-type="table-fn"}   DMF--H~2~O (9:1)       Zn(OTf)~2~   40         3          39                                          \>20:1

All the reactions were carried out with **1a** (0.10 mmol), 2,2-diphenylglycine **2** (0.10 mmol) in solvent--H~2~O (0.50 mL) at 10--40 °C for 3--24 h.

NMR yield determined by ^1^H NMR analysis of the crude reaction mixture with tetrakis(trimethylsilyl)silane as the internal standard.

Determined by ^1^H NMR analysis of the crude reaction mixture.

Isolated yield in the parenthesis.

Additive (0.030 mmol) was added.

Under the optimized conditions, the substrate scope was then examined for the reaction ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). Various aromatic dialdehydes **1c**--**h** underwent aminative Umpolung cyclization in the presence of α,α-diphenylglycine (**2**) to give 1,2-amino alcohols **6c**--**h** in good yields with high trans/cis selectivity ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entries 1--6). The trans/cis ratio is up to \>20:1 for **6c**--**f** and **6h**, but it is somewhat lower (6.4:1) for ortho-fluoro substituted **6g** probably due to the steric effect. The electronic properties of the substituents on the aromatic ring have little effect on efficiency and selectivity for the reaction. Dialdehydes bearing electron-rich substituents such as **1f** and substrates having electron-deficient substituents such as **1e** both gave good yields and high trans/cis ratios. The reaction can be scaled up to gram scale (3.57 mmol) without any obvious decrease in the reaction yield and trans/cis selectivity ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 10). Aldehyde--ketones **1a**--**b** and **1i**--**m** are also efficient substrates for the transformation ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entries 7--13). The amination selectively occurred on the aldehyde group, converting it into a benzophenone imine after the transformation. When the ketone group became sterically bulky, the trans/cis ratio decreased remarkably ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entries 11--13 vs 7--10). Both of the *trans*- and *cis*-1,2-amino alcohol products were obtained by chromatography for aldehyde--ketones **1b** and **1l**--**m** ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entries 11--13). For substrates with two nonsymmetric aromatic rings such as **1n**, the amination occurred on both of the aldehyde groups with low chemoselectivity to produce a mixture of β-amino alcohols **6n** and **6n′** in 72% yield ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 14). The structure of **6n** was confirmed by X-ray analysis of its derivative (see the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.8b02324/suppl_file/ao8b02324_si_001.pdf)). Aliphatic aldehydes such as pentanedial are ineffective for the transformation.

###### Substrate Screening for the Aminative Umpolung Cyclization[a](#t2fn1){ref-type="table-fn"}

![](ao-2018-02324p_0006){#fx2}

All the reactions were carried out with **1** (0.10 mmol), 2,2-diphenylglycine (**2**) (0.10 mmol) in DMF--H~2~O (9:1, 0.50 mL) at 40 °C for 2.5--5 h (2.5 h for entry 3; 3 h for entries 1, 7, 10, and 12; 3.5 h for entries 5, 8, 9, 11, 13, and 14; 4 h for entries 2, 4, and 6).

Isolated yield based on **1**.

Determined by ^1^H NMR analysis of the crude reaction mixture.

The reaction was carried out with **1a** (3.57 mmol), **2** (3.57 mmol) in DMF--H~2~O (9:1, 17.8 mL) at 40 °C for 4 h.

The reaction was carried out with **1n** (0.30 mmol). The ratio of **6n** to **6n**′ was determined by ^1^H NMR analysis of the crude reaction mixture. The corresponding trans/cis ratios for **6n** and **6n**′ both are \>20:1.

^1^H NMR monitoring of the reaction of aldehyde--ketone **1b** and α,α-diphenylglycine (**2**) showed that the ratio of *trans*-**6b** to *cis*-**6b** did not change over time ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}), indicating that no interconversion took place between compounds *trans*-**6b** and *cis*-**6b** under the standard conditions. This was also further confirmed by control experiments. Stirring of pure *trans*-**6b** and *cis*-**6b**, respectively, with α,α-diphenylglycine (**2**) in DMF--H~2~O (9:1) at 40 °C for 3 h did not result in the appearance of the corresponding another isomer, further demonstrating that neither *trans*-**6b** nor *cis*-**6b** has a significant tendency of epimerization under the reaction conditions. ^1^H NMR monitoring for the reaction of dialdehyde **1g** and α,α-diphenylglycine (**2**) and epimerization control experiments for the corresponding product **6g** were also carried out. Similarly, no epimerization between *trans*-**6g** and *cis*-**6g** was observed under the reaction conditions. These results are different from Chruma's observation,^[@cit10f]^ probably due to the rigidity of the exocyclic 1,2-amino alcohols **6** as well as the neutral reaction conditions. The rigidity also likely accounts for the excellent trans/cis selectivity for most of the substrates.

###### ^1^H NMR Monitoring the Reaction of **1** and α,α-Diphenylglycine (**2**)[a](#t3fn1){ref-type="table-fn"}

![](ao-2018-02324p_0007){#fx3}

  entry   time     **6b**        **6g**
  ------- -------- ------------- -------------
  1       10 min   15% (3.9:1)   18% (5.0:1)
  2       30 min   31% (4.0:1)   30% (6.5:1)
  3       1 h      50% (4.0:1)   43% (6.2:1)
  4       2 h      74% (4.0:1)   75% (6.5:1)
  5       3 h      85% (4.1:1)   82% (6.5:1)

The reaction was carried out with **1b** or **1g** (0.10 mmol), 2,2-diphenylglycine **2** (0.10 mmol) in DMF--H~2~O (9:1, 0.50 mL) at 40 °C.

NMR yield determined by ^1^H NMR analysis of the crude reaction mixture with tetrakis(trimethylsilyl)silane as the internal standard.

Determined by ^1^H NMR analysis of the crude reaction mixture.

The benzophenone protecting group in **6** can be easily removed under mild conditions ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Treatment of *trans*-**6a** with 4.0 M aqueous HCl at room temperature led to NH~2~-free *trans*-1,2-amino alcohol *trans*-**3a** in 55% yield. The benzophenone group can also be clearly removed with hydroxylamine hydrochloride as demonstrated by the deprotection of *trans*-**6c** to form *trans*-**3c** in 90% yield. Similarly, NH~2~-free *cis*-1,2-amino alcohol *cis*-**3b** was obtained in 69% yield by the deprotection of oxazolidine *cis*-**6b** with hydroxylamine hydrochloride.

![Deprotection of Cyclization Products **6**](ao-2018-02324p_0004){#sch3}

Conclusions {#sec3}
===========

In conclusion, we have developed a new method to synthesize exocyclic 1,2-amino alcohols via intramolecular aminative Umpolung cyclization. A variety of aromatic aldehydes **1** bearing an additional tethered carbonyl group were efficiently converted into the corresponding 1,2-amino alcohols **6** in 60--93% yields with to up \>20:1 trans/cis selectivity under mild conditions in the presence of amination and Umpolung reagent α,α-diphenylglycine (**2**). Further studies on the application of the reaction in organic synthesis are underway.

Experimental Section {#sec4}
====================

General Information {#sec4.1}
-------------------

All commercially available reagents were used without further purification unless otherwise stated. The deuterated solvent employed and the measuring frequency are indicated in each ^1^H NMR data. Chemical shifts are reported in parts per million (ppm) with the solvent resonance as the internal reference (CDCl~3~ δ 7.26, CD~3~OD δ 3.31, and DMSO-*d*~6~ δ 2.50) and are reported in the following order: chemical shift in ppm (multiplicity, coupling constant *J* in Hz, number of protons). The multiplicity is described as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), and brs (broad singlet). The deuterated solvent employed and the measuring frequency are both indicated in each ^13^C NMR data. Chemical shifts are reported in ppm with the solvent resonance as the internal reference (CDCl~3~ δ 77.16, CD~3~OD δ 49.00, and DMSO-*d*~6~ δ 39.52). High-resolution mass spectra (HRMS) were acquired in the electrospray ionization mode using a time-of-flight mass analyzer. IR spectra were recorded on a Fourier transform infrared spectrometer. Melting points were uncorrected. Dry toluene and THF were obtained by fresh distillation from sodium-benzophenone under an argon atmosphere. MeCN was freshly distilled from NaOH. CH~2~Cl~2~ and DMF were freshly distilled from CaH~2~. EtOH was freshly distilled from magnesium turnings. Column chromatography was performed on silica gel (200--300 mesh).

Representative Procedure for Aminative Umpolung Cyclization ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, **6a**) {#sec4.2}
-----------------------------------------------------------------------------------------------------------------------------------

To a 5 mL vial equipped with a magnetic stirrer bar were added compound **1a** (0.028 g, 0.10 mmol), 2-amino-2,2-diphenylacetic acid (**2**) (0.023 g, 0.10 mmol), DMF (0.45 mL), and H~2~O (0.050 mL). After stirring at 40 °C for 3 h, the mixture was transferred to a 25 mL round-bottom flask and ethyl acetate (10 mL) and H~2~O (10 mL) were added. The mixture was separated. The organic layer was washed with H~2~O (10 mL × 3), dried over Na~2~SO~4~, filtered, concentrated, and purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 20:1) to give compound **6a** (0.040 g, 90%) as a white solid.

*trans*-10-((Diphenylmethylene)amino)-9-neopentyl-9,10-dihydrophenanthren-9-ol (*trans*-**6a**) {#sec4.3}
-----------------------------------------------------------------------------------------------

White solid; mp 93--98 °C; IR (KBr) 3578, 2951, 1729, 1624, 1577, 1446 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.86--7.78 (m, 3H), 7.75 (d, *J* = 7.2 Hz, 1H), 7.64 (dd, *J* = 7.6, 1.2 Hz, 1H), 7.52--7.40 (m, 3H), 7.40--7.26 (m, 7H), 7.23--7.18 (m, 2H), 7.14 (d, *J* = 7.2 Hz, 1H), 4.67 (s, 1H), 2.23 (d, *J* = 15.6 Hz, 1H), 1.91 (d, *J* = 15.6 Hz, 1H), 1.75 (s, 1H), 0.71 (s, 9H); ^13^C NMR (100 MHz, CDCl~3~) δ 172.7, 141.5, 140.0, 137.8, 136.2, 133.7, 133.1, 130.6, 129.0, 128.7, 128.6, 128.4, 127.9, 127.7, 127.51, 127.47, 126.2, 126.1, 124.1, 123.5, 79.1, 72.4, 45.5, 31.3, 31.1; HRMS *m*/*z* calcd for C~32~H~32~NO (M + H)^+^: 446.2484; found: 446.2480.

*cis*-10-((Diphenylmethylene)amino)-9-neopentyl-9,10-dihydrophenanthren-9-ol (*cis*-**6a**) {#sec4.4}
-------------------------------------------------------------------------------------------

White solid; mp 136--139 °C; IR (KBr) 3300, 3061, 2952, 1599, 1487, 1466 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.96 (dd, *J* = 7.6, 1.6 Hz, 1H), 7.93--7.86 (m, 3H), 7.77 (dd, *J* = 7.6, 0.8 Hz, 1H), 7.49 (dd, *J* = 7.2, 0.8 Hz, 1H), 7.44--7.36 (m, 5H), 7.35--7.26 (m, 4H), 7.15--7.04 (m, 3H), 4.13 (s, 1H), 2.75 (brs, 1H), 2.11 (d, *J* = 14.4 Hz, 1H), 1.72 (d, *J* = 14.4 Hz, 1H), 0.57 (s, 9H); ^13^C NMR (100 MHz, CDCl~3~) δ 146.1, 145.0, 139.7, 132.6, 132.4, 131.5, 130.8, 130.1, 129.2, 128.3, 128.2, 128.11, 128.05, 127.9, 127.3, 127.2, 126.7, 125.7, 123.6, 123.0, 97.8, 85.4, 65.2, 55.3, 31.1, 31.0; HRMS *m*/*z* calcd for C~32~H~32~NO (M + H)^+^: 446.2478; found: 446.2480.

*trans*-10-((Diphenylmethylene)amino)-9-isopropyl-9,10-dihydrophenanthren-9-ol (*trans*-**6b**) {#sec4.5}
-----------------------------------------------------------------------------------------------

White solid; mp 190--193 °C; IR (KBr) 3578, 3062, 2960, 1730, 1624, 1597, 1447 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.85 (d, *J* = 7.6 Hz, 2H), 7.77--7.71 (m, 2H), 7.64 (d, *J* = 7.2 Hz, 1H), 7.52--7.41 (m, 3H), 7.39--7.28 (m, 7H), 7.25--7.18 (m, 3H), 4.94 (s, 1H), 2.61--2.51 (m, 1H), 1.69 (s, 1H), 1.05 (d, *J* = 6.8 Hz, 3H), 0.53 (d, *J* = 6.8 Hz, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 171.8, 139.9, 139.4, 137.7, 136.1, 133.6, 133.4, 130.5, 129.0, 128.6, 128.3, 128.0, 127.8, 127.7, 127.4, 127.3, 127.1, 125.5, 123.6, 123.3, 80.2, 70.6, 34.3, 19.4, 18.3; HRMS *m*/*z* calcd for C~30~H~28~NO (M + H)^+^: 418.2171; found: 418.2162.

*cis*-10-((Diphenylmethylene)amino)-9-isopropyl-9,10-dihydrophenanthren-9-ol (*cis*-**6b**) {#sec4.6}
-------------------------------------------------------------------------------------------

White solid; mp 102--105 °C; IR (KBr) 3301, 3060, 2962, 1654, 1599, 1450 cm^--1^; ^1^H NMR (600 MHz, CDCl~3~) δ 7.93 (dd, *J* = 7.8, 1.2 Hz, 1H), 7.92--7.91 (m, 2H), 7.87 (d, *J* = 7.8 Hz, 1H), 7.80 (d, *J* = 7.8 Hz, 1H), 7.50 (dd, *J* = 7.2, 1.2 Hz, 1H), 7.42--7.37 (m, 6H), 7.36--7.27 (m, 3H), 7.15--7.11 (m, 2H), 7.10--7.06 (m, 1H), 4.16 (s, 1H), 2.72 (brs, 1H), 2.06--2.00 (m, 1H), 0.88 (d, *J* = 7.2 Hz, 3H), 0.48 (d, *J* = 7.2 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 146.1, 144.9, 137.3, 133.0, 132.9, 131.3, 130.9, 130.8, 129.0, 128.2, 128.05, 128.03, 127.95, 127.8, 127.3, 127.2, 126.7, 125.9, 123.4, 122.7, 98.2, 86.8, 63.1, 39.0, 18.2, 17.4; HRMS *m*/*z* calcd for C~30~H~28~NO (M + H)^+^: 418.2165; found: 418.2162.

*trans*-10-((Diphenylmethylene)amino)-9,10-dihydrophenanthren-9-ol (*trans*-**6c**) {#sec4.7}
-----------------------------------------------------------------------------------

Yellow solid; mp 145--150 °C; IR (KBr) 3446, 3062, 1656, 1622, 1597, 1446 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.83--7.78 (m, 2H), 7.76 (d, *J* = 7.6 Hz, 1H), 7.73--7.68 (m, 2H), 7.52--7.29 (m, 10H), 7.26--7.22 (m, 2H), 7.19 (d, *J* = 7.6 Hz, 1H), 5.21 (d, *J* = 10.8 Hz, 1H), 4.67 (d, *J* = 10.8 Hz, 1H), 1.65 (brs, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 173.1, 139.7, 137.3, 136.2, 135.8, 133.2, 132.8, 130.7, 129.0, 128.8, 128.7, 128.4, 128.2, 128.1, 127.92, 127.87, 127.86, 126.5, 124.8, 124.0, 123.6, 73.0, 67.7; HRMS *m*/*z* calcd for C~27~H~22~NO (M + H)^+^: 376.1701; found: 376.1709.

*trans*-10-((Diphenylmethylene)amino)-3,6-dimethyl-9,10-dihydrophenanthren-9-ol (*trans*-**6d**) {#sec4.8}
------------------------------------------------------------------------------------------------

Yellow solid; mp 162--166 °C; IR (KBr) 3454, 3056, 2922, 1620, 1577, 1446 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.82--7.80 (m, 2H), 7.59--7.55 (m, 2H), 7.53 (s, 1H), 7.47--7.44 (m, 1H), 7.43--7.37 (m, 2H), 7.35--7.30 (m, 3H), 7.25--7.21 (m, 2H), 7.16 (d, *J* = 7.6 Hz, 1H), 7.12 (d, *J* = 8.0 Hz, 1H), 7.07 (d, *J* = 8.0 Hz, 1H), 5.15 (dd, *J* = 10.4, 4.0 Hz, 1H), 4.59 (d, *J* = 10.4 Hz, 1H), 2.41 (s, 3H), 2.40 (s, 3H), 2.25 (d, *J* = 4.0 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 172.7, 139.8, 137.38, 137.35, 136.3, 134.6, 133.08, 133.05, 132.8, 130.6, 129.0, 128.8, 128.68, 128.65, 128.3, 127.9, 126.5, 124.8, 124.6, 124.2, 73.2, 67.7, 21.5; HRMS *m*/*z* calcd for C~29~H~26~NO (M + H)^+^: 404.2014; found: 404.2009.

*trans*-10-((Diphenylmethylene)amino)-2,7-bis(trifluoromethyl)-9,10-dihydrophenanthren-9-ol (*trans*-**6e**) {#sec4.9}
------------------------------------------------------------------------------------------------------------

Yellow solid; mp 195--202 °C; IR (KBr) 3061, 1621, 1597, 1578, 1491, 1447 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 8.01 (s, 1H), 7.86 (d, *J* = 8.0 Hz, 1H), 7.82--7.77 (m, 3H), 7.70--7.60 (m, 2H), 7.53--7.35 (m, 7H), 7.26--7.22 (m, 2H), 5.22 (d, *J* = 11.2 Hz, 1H), 4.71 (d, *J* = 11.2 Hz, 1H), 2.91 (brs, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 174.7, 139.3, 138.7, 137.3, 135.9, 135.4, 134.9, 131.07 (q, *J* = 32.4 Hz), 130.87 (q, *J* = 32.4 Hz), 129.1, 129.0, 128.8, 128.5, 127.8, 125.05 (q, *J* = 3.7 Hz), 125.00 (q, *J* = 4.0 Hz), 124.8, 124.4, 124.25 (q, *J* = 270.8 Hz), 124.14 (q, *J* = 270.7 Hz), 123.67 (q, *J* = 3.8 Hz), 122.57 (q, *J* = 3.8 Hz), 72.2, 66.8; HRMS *m*/*z* calcd for C~29~H~20~NOF~6~ (M + H)^+^: 512.1449; found: 512.1442.

*trans*-10-((Diphenylmethylene)amino)-2,7-dimethoxy-9,10-dihydrophenanthren-9-ol (*trans*-**6f**) {#sec4.10}
-------------------------------------------------------------------------------------------------

Yellow oil; IR (KBr) 3473, 3059, 1656, 1615, 1483, 1446 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.81--7.77 (m, 2H), 7.61 (d, *J* = 8.8 Hz, 1H), 7.55 (d, *J* = 8.4 Hz, 1H), 7.52--7.32 (m, 6H), 7.26--7.24 (m, 3H), 6.90--6.83 (m, 2H), 6.73 (dd, *J* = 2.4, 0.8 Hz, 1H), 5.15 (d, *J* = 11.2 Hz, 1H), 4.61 (d, *J* = 11.2 Hz, 1H), 3.85 (s, 3H), 3.81 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 173.2, 159.4, 159.0, 139.7, 138.2, 136.8, 136.2, 130.8, 129.0, 128.8, 128.7, 128.4, 127.9, 126.2, 125.6, 124.6, 124.3, 113.8, 112.9, 112.4, 109.9, 73.1, 67.7, 55.52, 55.46; HRMS *m*/*z* calcd for C~29~H~26~NO~3~ (M + H)^+^: 436.1913; found: 436.1907.

*trans*-10-((Diphenylmethylene)amino)-1,8-difluoro-9,10-dihydrophenanthren-9-ol (*trans*-**6g**) {#sec4.11}
------------------------------------------------------------------------------------------------

White solid; mp 150--153 °C; IR (KBr) 3566, 3058, 1621, 1594, 1574, 1480, 1442 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.74 (d, *J* = 7.6 Hz, 1H), 7.70 (d, *J* = 8.0 Hz, 1H), 7.62--7.56 (m, 2H), 7.55--7.50 (m, 1H), 7.49--7.42 (m, 1H), 7.41--7.32 (m, 5H), 7.31--7.26 (m, 1H), 7.22--7.15 (m, 2H), 7.11 (t, *J* = 8.8 Hz, 1H), 7.01 (t, *J* = 8.8 Hz, 1H), 5.23 (d, *J* = 2.4 Hz, 1H), 4.96 (d, *J* = 2.4 Hz, 1H), 1.74 (brs, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 170.2, 163.4, 162.6, 161.0, 160.1, 139.6, 136.6, 134.84, 134.81, 134.80, 134.77, 134.75, 134.72, 134.70, 134.67, 130.30, 130.28, 130.2, 129.5, 129.4, 128.84, 128.83, 128.80, 127.98, 127.96, 127.94, 123.2, 132.1, 122.4, 122.2, 120.4, 120.3, 120.2, 120.1, 115.6, 115.5, 115.4, 115.3, 64.3, 64.2, 58.71, 58.68; HRMS *m*/*z* calcd for C~27~H~20~NOF~2~ (M + H)^+^: 412.1513; found: 412.1506.

*trans*-4-((Diphenylmethylene)amino)-3,4-dihydrodibenzo\[*c*,*g*\]phenanthren-3-ol (*trans*-**6h**) {#sec4.12}
---------------------------------------------------------------------------------------------------

Yellow solid; mp 115--123 °C; IR (KBr) 3460, 2925, 1623, 1596, 1506, 1446 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 8.02--7.89 (m, 5H), 7.88--7.84 (m, 2H), 7.62 (d, *J* = 8.4 Hz, 1H), 7.55 (d, *J* = 4.0 Hz, 1H), 7.52 (d, *J* = 3.6 Hz, 1H), 7.51--7.41 (m, 5H), 7.34--7.27 (m, 6H), 7.26--7.21 (m, 1H), 5.25 (d, *J* = 10.8 Hz, 1H), 4.67 (d, *J* = 10.8 Hz, 1H), 2.72 (brs, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 173.8, 139.8, 137.8, 136.1, 135.9, 133.6, 133.5, 130.8, 130.5, 130.1, 129.5, 129.0, 128.8, 128.7, 128.51, 128.50, 128.44, 128.38, 128.31, 128.0, 127.7, 127.6, 125.4, 125.19, 125.15, 125.0, 123.8, 121.9, 74.0, 68.7; HRMS *m*/*z* calcd for C~35~H~26~NO (M + H)^+^: 476.2014; found: 476.2008.

*trans*-(9*R*,10*R*)-10-((diphenylmethylene)amino)-9-propyl-9,10-dihydrophenanthren-9-ol (*trans*-**6i**) {#sec4.13}
---------------------------------------------------------------------------------------------------------

White solid; mp 152--160 °C; IR (KBr) 3577, 2956, 2927, 1624, 1578, 1483, 1447 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.85 (d, *J* = 7.2 Hz, 2H), 7.76 (d, *J* = 7.6 Hz, 1H), 7.71 (dd, *J* = 7.2, 1.6 Hz, 1H), 7.64 (dd, *J* = 6.8, 2.0 Hz, 1H), 7.51--7.40 (m, 3H), 7.40--7.28 (m, 7H), 7.24--7.17 (m, 3H), 4.84 (s, 1H), 2.22 (td, *J* = 12.8, 4.0 Hz, 1H), 1.73 (dd, *J* = 12.8, 4.8 Hz, 1H), 1.64 (brs, 1H), 1.54--1.39 (m, 1H), 1.01--0.86 (m, 1H), 0.77 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 172.4, 140.9, 139.9, 137.1, 136.2, 133.1, 132.4, 130.6, 129.0, 128.6, 128.3, 127.9, 127.70, 127.68, 127.62, 127.5, 126.2, 125.7, 123.8, 123.7, 78.4, 70.2, 36.1, 16.7, 14.6; HRMS *m*/*z* calcd for C~30~H~28~NO (M + H)^+^: 418.2171; found: 418.2167.

*trans*-10-((Diphenylmethylene)amino)-9-heptyl-9,10-dihydrophenanthren-9-ol (*trans*-**6j**) {#sec4.14}
--------------------------------------------------------------------------------------------

Colorless oil; IR (KBr) 3585, 2923, 2853, 1622, 1598, 1579, 1489 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.86 (d, *J* = 7.6 Hz, 2H), 7.76 (d, *J* = 7.6 Hz, 1H), 7.72 (dd, *J* = 6.8, 1.6 Hz, 1H), 7.66 (dd, *J* = 6.4, 2.0 Hz, 1H), 7.53--7.41 (m, 3H), 7.41--7.30 (m, 7H), 7.25--7.18 (m, 3H), 4.86 (s, 1H), 2.29 (td, *J* = 13.6, 4.4 Hz, 1H), 1.73 (td, *J* = 13.6, 4.4 Hz, 1H), 1.68 (s, 1H), 1.53--1.39 (m, 1H), 1.28--1.14 (m, 7H), 1.12--1.02 (m, 1H), 0.99--0.89 (m, 1H), 0.85 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 172.4, 140.9, 139.9, 137.1, 136.2, 133.1, 132.4, 130.6, 129.0, 128.6, 128.3, 127.9, 127.7, 127.6, 127.5, 126.2, 125.8, 123.8, 123.7, 78.4, 70.2, 33.8, 31.9, 30.2, 29.5, 23.4, 22.7, 14.2; HRMS *m*/*z* calcd for C~34~H~36~NO (M + H)^+^: 474.2797; found: 474.2802.

*trans*-10-((Diphenylmethylene)amino)-9-isobutyl-9,10-dihydrophenanthren-9-ol (*trans*-**6k**) {#sec4.15}
----------------------------------------------------------------------------------------------

White solid; mp 164--170 °C; IR (KBr) 3579, 2952, 2926, 1623, 1598, 1447 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.86--7.81 (m, 2H), 7.75 (d, *J* = 7.6 Hz, 1H), 7.73--7.67 (m, 2H), 7.52--7.40 (m, 3H), 7.39--7.27 (m, 7H), 7.24--7.19 (m, 2H), 7.17 (d, *J* = 7.6 Hz, 1H), 4.78 (s, 1H), 2.10 (dd, *J* = 14.8, 6.8 Hz, 1H), 1.74 (dd, *J* = 14.8, 4.8 Hz, 1H), 1.67 (s, 1H), 1.64--1.56 (m, 1H), 1.00 (d, *J* = 6.4 Hz, 3H), 0.44 (d, *J* = 6.8 Hz, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 172.6, 141.0, 139.9, 137.3, 136.2, 133.2, 132.5, 130.6, 129.0, 128.7, 128.6, 128.4, 127.9, 127.8, 127.70, 127.68, 127.5, 126.2, 125.5, 123.9, 123.7, 78.9, 70.9, 42.2, 25.0, 24.7, 23.5; HRMS *m*/*z* calcd for C~31~H~30~NO (M + H)^+^: 432.2327; found: 432.2321.

*trans*-10-((Diphenylmethylene)amino)-9-(pentan-3-yl)-9,10-dihydrophenanthren-9-ol (*trans*-**6l**) {#sec4.16}
---------------------------------------------------------------------------------------------------

Colorless oil; IR (KBr) 3583, 2961, 2873, 1624, 1597, 1578, 1447 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.81 (d, *J* = 8.8 Hz, 2H), 7.72 (d, *J* = 7.6 Hz, 1H), 7.69--7.63 (m, 2H), 7.50--7.39 (m, 3H), 7.37--7.26 (m, 7H), 7.23--7.16 (m, 3H), 4.90 (s, 1H), 2.18--2.07 (m, 1H), 1.90--1.82 (m, 1H), 1.79 (s, 1H), 1.45--1.33 (m, 1H), 1.32--1.20 (m, 1H), 1.05--0.94 (m, 1H), 0.91 (t, *J* = 7.2 Hz, 3H), 0.51 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 171.5, 141.7, 139.9, 137.8, 136.1, 133.7, 133.1, 130.5, 129.0, 128.59, 128.57, 128.4, 127.9, 127.7, 127.6, 127.5, 127.3, 126.3, 125.7, 123.7, 123.3, 80.8, 71.5, 46.2, 22.7, 22.0, 13.1, 12.2; HRMS *m*/*z* calcd for C~32~H~32~NO (M + H)^+^: 446.2484; found: 446.2474.

*cis*-10-((Diphenylmethylene)amino)-9-(pentan-3-yl)-9,10-dihydrophenanthren-9-ol (*cis*-**6l**) {#sec4.17}
-----------------------------------------------------------------------------------------------

Colorless oil; IR (KBr) 2962, 2933, 1661, 1599, 1487, 1450 cm^--1^; ^1^H NMR (600 MHz, CDCl~3~) δ 7.94 (dd, *J* = 7.8, 1.2 Hz, 1H), 7.88--7.83 (m, 3H), 7.77 (d, *J* = 7.8 Hz, 1H), 7.47 (dd, *J* = 7.8, 1.2 Hz, 1H), 7.41--7.34 (m, 6H), 7.32--7.26 (m, 3H), 7.12--7.08 (m, 2H), 7.07--7.04 (m, 1H), 4.14 (s, 1H), 2.66 (brs, 1H), 1.61--1.56 (m, 1H), 1.49--1.42 (m, 1H), 1.21--1.14 (m, 1H), 0.98--0.90 (m, 1H), 0.82--0.74 (m, 1H), 0.71 (t, *J* = 7.2 Hz, 3H), 0.64 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 146.1, 145.1, 139.0, 133.1, 132.8, 131.0, 130.8, 130.6, 129.1, 128.21, 128.15, 128.04, 127.99, 127.8, 127.25, 127.20, 126.7, 125.9, 123.5, 122.6, 98.2, 87.7, 62.8, 52.7, 22.7, 21.8, 13.6, 13.5; HRMS *m*/*z* calcd for C~32~H~32~NO (M + H)^+^: 446.2484; found: 446.2494.

*trans*-10-((Diphenylmethylene)amino)-9-phenyl-9,10-dihydrophenanthren-9-ol (*trans*-**6m**) {#sec4.18}
--------------------------------------------------------------------------------------------

White solid; mp 183--186 °C; IR (KBr) 3565, 3059, 1731, 1623, 1597, 1577, 1447 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.84 (d, *J* = 7.6 Hz, 1H), 7.79 (d, *J* = 7.6 Hz, 1H), 7.58 (d, *J* = 7.6 Hz, 2H), 7.53 (d, *J* = 7.6 Hz, 1H), 7.42--7.27 (m, 11H), 7.20 (d, *J* = 8.4 Hz, 1H), 7.18--7.13 (m, 3H), 7.02 (d, *J* = 7.6 Hz, 1H), 6.96--6.87 (m, 2H), 4.93 (s, 1H), 2.22 (s, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 170.5, 141.7, 141.5, 139.7, 136.5, 136.2, 133.6, 133.3, 130.4, 129.0, 128.6, 128.54, 128.49, 128.47, 128.39, 128.24, 128.17, 127.9, 127.7, 127.3, 127.21, 127.16, 126.6, 123.9, 123.8, 79.0, 71.0; HRMS *m*/*z* calcd for C~33~H~26~NO (M + H)^+^: 452.2014; found: 452.2003.

*cis*-10-((Diphenylmethylene)amino)-9-phenyl-9,10-dihydrophenanthren-9-ol (*cis*-**6m**) {#sec4.19}
----------------------------------------------------------------------------------------

Colorless oil; IR (KBr) 3302, 3061, 3026, 1599, 1490, 1450, 1420 cm^--1^; ^1^H NMR (600 MHz, CDCl~3~) δ 7.98 (d, *J* = 7.8 Hz, 2H), 7.95 (d, *J* = 7.8 Hz, 1H), 7.88 (dd, *J* = 7.8, 0.6 Hz, 1H), 7.85 (dd, *J* = 7.8, 1.2 Hz, 1H), 7.46--7.41 (m, 6H), 7.39 (td, *J* = 7.8, 1.2 Hz, 1H), 7.35 (td, *J* = 7.8, 1.8 Hz, 1H), 7.33--7.28 (m, 2H), 7.17--7.13 (m, 2H), 7.12--7.09 (m, 1H), 7.08--7.01 (m, 5H), 4.31 (s, 1H), 2.95 (brs, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 145.4, 144.8, 144.2, 139.5, 132.6, 131.7, 131.0, 130.9, 130.4, 129.5, 129.1, 128.5, 128.24, 128.18, 128.17, 128.13, 127.47, 127.45, 127.1, 126.8, 126.0, 125.9, 123.8, 122.9, 99.7, 86.6, 68.0; HRMS *m*/*z* calcd for C~33~H~26~NO (M + H)^+^: 452.2014; found: 452.2006.

*trans*-2-Chloro-10-((diphenylmethylene)amino)-9,10-dihydrophenanthren-9-ol (*trans*-**6n**) {#sec4.20}
--------------------------------------------------------------------------------------------

Yellow solid; mp 184--190 °C; IR (KBr) 3593, 2926, 1622, 1597, 1578, 1475 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.83--7.78 (m, 2H), 7.72--7.63 (m, 3H), 7.52--7.46 (m, 1H), 7.45--7.31 (m, 8H), 7.26--7.22 (m, 2H), 7.17--7.13 (m, 1H), 5.18 (dd, *J* = 10.8, 3.2 Hz, 1H), 4.63 (d, *J* = 10.8 Hz, 1H), 2.36 (d, *J* = 4.0 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 173.7, 139.4, 137.8, 137.1, 136.0, 133.9, 131.9, 131.8, 131.0, 129.1, 128.9, 128.8, 128.55, 128.47, 128.1, 128.0, 127.8, 126.6, 125.4, 124.9, 123.5, 72.8, 67.3; HRMS *m*/*z* calcd for C~27~H~21~NOCl (M + H)^+^: 410.1312; found: 410.1302.

*trans*-7-Chloro-10-((diphenylmethylene)amino)-9,10-dihydrophenanthren-9-ol (*trans*-**6n**′) {#sec4.21}
---------------------------------------------------------------------------------------------

Yellow solid; mp 173--178 °C; IR (KBr) 2924, 1663, 1624, 1598, 1578, 1462 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.81--7.78 (m, 2H), 7.72--7.68 (m, 2H), 7.61 (d, *J* = 8.4 Hz, 1H), 7.52--7.45 (m, 1H), 7.44--7.28 (m, 8H), 7.25--7.22 (m, 2H), 7.21--7.17 (m, 1H), 5.16 (dd, *J* = 11.2, 1.2 Hz, 1H), 4.62 (d, *J* = 11.2 Hz, 1H), 2.43 (d, *J* = 3.6 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 173.5, 139.6, 139.1, 136.1, 135.7, 134.2, 132.3, 131.4, 130.9, 129.0, 128.9, 128.7, 128.43, 128.38, 128.05, 127.97, 127.8, 126.6, 125.2, 125.0, 123.9, 72.7, 67.4; HRMS *m*/*z* calcd for C~27~H~21~NOCl (M + H)^+^: 410.1312; found: 410.1307.

*trans*-10-Amino-9-neopentyl-9,10-dihydrophenanthren-9-ol (*trans*-**3a**) {#sec4.22}
--------------------------------------------------------------------------

To a stirred solution of *trans*-**6a** (0.116 g, 0.26 mmol) in THF (1.3 mL) was added HCl (4.0 M, 0.65 mL). After stirring at room temperature overnight, the reaction was quenched with saturated NaHCO~3~ solution until a pH 7--8 was reached. THF was removed via rotary evaporation, and the residue was extracted with DCM (20 mL × 3). The combined organic layers were dried over Na~2~SO~4~, filtered, concentrated under reduced pressure, and purified by column chromatography (ethyl acetate) to give the product *trans*-**3a** as a colorless oil (0.0405 g, 55%). IR (KBr) 3353, 3067, 2951, 1587, 1478, 1450 cm^--1^; ^1^H NMR (400 MHz, CDCl~3~) δ 7.85--7.80 (m, 1H), 7.75--7.70 (m, 1H), 7.67--7.62 (m, 1H), 7.50--7.45 (m, 1H), 7.40--7.30 (m, 4H), 3.94 (s, 1H), 1.67 (brs, 3H), 1.33 (s, 2H), 0.64 (s, 9H); ^13^C NMR (100 MHz, CDCl~3~) δ 142.0, 139.1, 134.4, 132.6, 128.1, 127.8, 127.71, 127.65, 126.1, 124.3, 123.9, 123.5, 76.4, 62.0, 43.2, 31.1, 30.9; HRMS *m*/*z* calcd for C~19~H~24~NO (M + H)^+^: 282.1858; found: 282.1857.

*trans*-10-Amino-9,10-dihydrophenanthren-9-ol (*trans*-**3c**) {#sec4.23}
--------------------------------------------------------------

To a stirred solution of *trans*-**6c** (0.075 g, 0.20 mmol) in MeOH (3.0 mL) was added hydroxylamine hydrochloride (HONH~2~·HCl) (0.0695 g, 1.00 mmol). After stirring at room temperature for 4 h, the organic solvent was removed via rotary evaporation. To the residue were added DCM (20 mL) and saturated NaHCO~3~ solution till pH 7--8. The resulting mixture was separated. The aqueous layers were extracted with DCM (20 mL × 3). All the organic layers were combined, dried over Na~2~SO~4~, filtered, concentrated under reduced pressure, and purified by column chromatography (ethyl acetate/MeOH/DCM = 10:1:1) to give the product *trans*-**3c** (0.038 g, 90%) as a yellow solid. Mp 111--114 °C; IR (KBr) 3342, 3066, 2924, 1586, 1483, 1450 cm^--1^; ^1^H NMR (600 MHz, CD~3~OD) δ 7.83--7.79 (m, 2H), 7.59 (d, *J* = 7.8 Hz, 1H), 7.52 (d, *J* = 7.2 Hz, 1H), 7.41--7.31 (m, 4H), 4.50 (d, *J* = 9.0 Hz, 1H), 3.93 (d, *J* = 9.0 Hz, 1H); ^13^C NMR (150 MHz, CD~3~OD) δ 138.4, 137.8, 134.03, 134.00, 129.5, 129.19, 129.17, 129.11, 127.7, 127.5, 124.9, 124.8, 74.4, 56.8; HRMS *m*/*z* calcd for C~14~H~14~NO (M + H)^+^: 212.1070; found: 212.1070.

*cis*-10-Amino-9-isopropyl-9,10-dihydrophenanthren-9-ol (*cis-***3b**) {#sec4.24}
----------------------------------------------------------------------

Compound *cis*-**3b** was synthesized in 69% yield as a yellow oil from *cis*-**6b** by following a procedure similar to that for *trans*-**3c**. Yellow oil; IR (KBr) 3387, 3066, 2961, 2925, 1577, 1479 cm^--1^; ^1^H NMR (600 MHz, CDCl~3~) δ 7.76--7.72 (m, 2H), 7.70--7.67 (m, 1H), 7.38--7.32 (m, 3H), 7.27--7.24 (m, 2H), 3.81 (s, 1H), 1.71--1.62 (m, 1H), 1.26 (brs, 3H), 0.94 (d, *J* = 6.6 Hz, 3H), 0.76 (d, *J* = 7.2 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 140.8, 132.6, 132.1, 128.7, 128.6, 128.35, 128.31, 127.9, 127.6, 124.1, 123.7, 57.1, 33.0, 29.9, 17.7, 16.9; HRMS *m*/*z* calcd for C~17~H~20~NO (M + H)^+^: 254.1539; found: 254.1533.
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